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Title of Study: Evaluation of soybean [Glycine max (L.) Merr.] quality following automatic
fungicide and harvest aid applications under delayed harvest conditions in the
mid-southern U. S.
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Candidate for Degree of Master of Science
Soybean growers in the mid-southern U.S. face many challenges imposed by adverse
weather conditions that vary spatially and temporally. As a result, growers experience variations
in soybean seed quality, grain quality, and yield. While not every harvest season experiences
extremes in environmental conditions, those that do may result in major quality issues that could
lead to significant financial losses. Therefore, the objective of this research was to evaluate
quality as it relates to delayed harvest conditions for soybean following common management
practices such as fungicide application to mitigate spread of pathogens or harvest aid application
to facilitate more efficient harvest. Experiments were conducted in 2019 and 2020 to determine
the impact that these soybean management practices have on soybean quality under delayed
harvest conditions. Results indicate that soybean quality, regardless of planting date, was not
impacted by fungicide or harvest aid treatment, but rather by harvest delay.
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CHAPTER I
LITERATURE REVIEW AND INTRODUCTION
1.1

Soybean Growth and Development
Soybean [Glycine max (L.) Merr.] is the world’s main source of high-quality protein and

oil which results in its high economic value (Derbyshire et al., 1976; Grieshop and Fahey, 2001;
Hou et al., 2009; Smith, 1981; Vollmann et al., 2000). Therefore, soybean is a dominant export
commodity for much of the United States, including portions of the mid-southern region of the
U.S. (Heatherly and Hodges, 1999). In 2020, Mississippi soybean led the state’s row crops by
holding more production value in dollars than corn, cotton, hay, peanut, rice, and wheat
combined (USDA-NASS, 2020). In the same year, Mississippi’s producers planted
approximately 845,793 and harvested 833,652 hectares with an average yield of 3,632 kilograms
per hectare (kg ha-1) (USDA-NASS, 2020). With the price per unit of soybean at $0.39 per
kilogram ($ kg-1) the total value of soybean production in Mississippi was $1.19 billion (USDANASS, 2020). The U.S. planted 33,622,902 hectares with an average yield of 3,376 kg ha-1
resulting in a total revenue of $46.1 billion (USDA-NASS, 2020). Therefore, Mississippi ranks
12th in the U.S. in soybean production (USDA-NASS, 2020).
Soybean is characterized as a legume crop capable of forming a symbiotic relationship
with rhizobia bacteria to form nodules on the roots and reduce atmospheric nitrogen to a form the
plant can utilize (Purcell et al., 2014). As a result, soybean does not require an application of a
nitrogen fertilizer when rhizobia are present. The modern soybean initially introduced to the U.S.
1

in the 18th century, was initially used as livestock forage in addition to improving areas with poor
soil quality (Hoeft et al., 2000). However, the utilization of protein and oil content in soybean
grain did not begin until the 1930s due to the increased demand for vegetable oil (Hoeft et al.,
2000). As a result, a new era for soybean as an important source of oil and protein began (Hoeft
et al., 2000).
Soybean is characterized as an erect, branching, annual plant that varies in height. During
reproduction the flowers are self-fertilized and can be white, purple, or both, depending on the
cultivar (Nirala, 2014). The shape and color of the seed for commercial soybean is primarily
oval-shaped with a yellow color. The seed itself is made up of a seed coat containing a large
embryo comprised of two cotyledons, a hypocotyl, and a root.
The soybean growth habit is characterized as either determinate or indeterminate.
Determinate cultivars are grown in areas with shorter daylength periods making them better
adapted to southern regions of the U.S. (Hoeft et al., 2000). Once flowering begins, determinate
soybean plants cease vegetative growth and node production on the main stem but continue
producing nodes on the branches until the beginning of seed fill. Indeterminate soybean cultivars
will continue producing nodes once flowering begins and cease node production at the beginning
of seed filling reproductive stages (Purcell et al., 2014). Therefore, the flowering period is
directly related to the potential of soybean performance.
Soybean growth and development can be characterized in two stages, vegetative and
reproductive. The vegetative stages begin once the hypocotyl has emerged through the surface of
the soil resulting in the VE (emergence) stage and is followed by the VC (cotyledon) stage once
the cotyledons become fully open (Fehr et al., 1971). Once the first leaves develop into what are
called unifoliates, the plant is considered to have reached the V1 stage. After the unifoliate is
2

fully developed, the plant begins to produce a compound leaf consisting of three leaflets at each
node on the main stem that is known as a trifoliate. Once the first trifoliate has developed, the
plant is considered in the V2 stage. The number of nodes determine the number of vegetative
stages until the first flower develops. At this time, growth stages transition from vegetative to
reproductive and with the first flower, plants are designated as R1. The plant enters the R2 stage
when a flower develops at one of the two uppermost nodes on the main stem. The R3 stage
begins once a pod measuring 0.5 centimeters (cm) in length develops in the upper four nodes of
the plant. The R4 growth stage is achieved once a pod in the upper four nodes reaches a length of
1.9 cm. The final reproductive stages, R5-R8, represent those stages from beginning seed (R5) to
full maturity (R8). Soybean is considered at the R5 growth stage when a pod in the upper four
nodes contains visible seeds. The reproductive stages progress to the R6 stage with the presence
of seed that completely fill the pod cavity in the upper four nodes. When a single pod anywhere
on the plant changes to a mature color, the developmental stage is then referred to as R7. When
the plant reaches the final growth stage, R8, it is considered fully mature and is recognized when
95% of the pods are mature in color and contain mature seed (Fehr et al., 1971).
1.2

Soybean Quality
Soybean seed accounts for approximately two-thirds of the world’s protein meal and one-

third of edible oils (Bellaloui et al., 2011). Soybean quality can be categorized as either seed or
grain quality. Soybean seed quality is a measure of production potential defined by the genetic
traits and physiological qualities (germination and vigor) of the seed established under varying
soil and climatic conditions (Keith and Delouche, 1999). While soybean grain quality refers to
the overall quality of the components that make up a seed. There are many similarities in the
factors that affect soybean seed and grain quality. The factors known to cause losses in quality
3

include, but are not limited to, hot, dry weather during seed maturation, weathering from rainfall
and warm temperatures during harvest, mechanical damage, handling operations, insect damage,
and disease development (Delouche, 1974; U.S. Soybean Export Council, 2015).
In the mid-southern U.S., it is recommended to plant MG IV and V soybean in April and
early May after the danger of a frost has passed and harvest at 13% moisture (Heatherly, 1999;
Purcell et al., 2014; United Soybean Board, 1998). When harvest is delayed due to extended
periods of rainfall, seed is prone to severe deterioration and seed coat wrinkling due to periods of
alternate wetting and drying in the pod that can result in shattering and a decrease in quality
(Delouche, 1974). Climatic conditions are impossible to control; therefore, in order for a soybean
grower to produce high quality soybean they must limit the extent and severity of weathering
during reproductive growth stages by planting and harvesting on time. Therefore, it is important
for growers to plant high quality seed and consider the use of a harvest aid, if necessary, to
maintain a timely harvest.
The percent germination of a seed lot obtained from a germination test is essentially
known as its degree of seed quality (Smith et al., 2008). The test is conducted in a lab under near
optimum conditions and measures the potential of the seed lot to produce normal seedlings. In
the U.S., it is required by law that seed lots be labeled for germination percentage. Mississippi
Pure Seed Law states that seed lots must achieve 80% germination to be certified, while less than
60% is illegal for sale (Keith and Delouche, 1999). Soybean seed is considered to be of high
quality when germination is 90% or better. Anything less than 90% has an increased potential to
experience stand failures and inadequate stands when adverse growing conditions are present
within the seed bed.

4

The grain quality of soybean is measured by specific standards required by the U.S. Grain
Standard Act. The three classes of measurements include grade determining factors, non-grade
standards (moisture), and informational criteria (oil and protein analysis) (U.S. Soybean Export
Council, 2015). The primary grade determining factors that relate to overall grain quality are
foreign material, total damaged soybean, and discolored soybean. However, for the purposes of
this experiment, total damaged soybean will be the only factor evaluated. According to the
Federal Grain Inspection Service (FGIS) soybean total damaged kernels is defined as grain that
is badly ground-damaged, badly weather-damaged, diseased, frost-damaged, stinkbug-stung, or
otherwise materially damaged (U.S. Soybean Export Council, 2015). In addition, damaged
kernels adversely affect oil quality of soybean that are badly damaged due to mechanical injury,
diseases, insects, or environmental conditions such as high heat (U.S. Soybean Export Council,
2015). As a result, the reductions in price offered by grain buyers depends on the percent of total
damaged kernels.
1.3

Soybean Management Practices
In the past, soybean producers in the mid-southern U.S. used a conventional soybean

production system where they planted maturity group (MG) V through MG VII cultivars in May
through June. Today, however, many producers practice an early soybean production system
(ESPS) in which they plant MG IV and V soybean in April and early May after the danger of a
frost has passed (Heatherly, 1999; Purcell et al., 2014). The ESPS was adopted to avoid yield
losses associated with drought stress that typically occurs from mid-July through mid-September
when MG V, VI, and VII cultivars are in high-water-demanding reproductive stages. Therefore,
to preserve and even increase yield, the ESPS was developed to combat the potential drought
stress during reproductive stages by planting an early maturing cultivar earlier in the planting
5

window. The success of an ESPS was confirmed by Bowers (1995) in northeast Texas. During
the study he observed that planting early maturing cultivars in April resulted in greater yield
when compared to later-maturing cultivars planted in May. Also, he observed that early maturing
cultivars planted in May produced greater yield than later cultivars planted at the same time
(Bowers, 1995; Heatherly, 1999). However, it is important to understand the varying effects that
environmental conditions have on quality when planted using the ESPS and harvest is delayed.
The trade off to the increase in yield is a potential increase in shattering and decrease in quality,
depending on the environmental conditions present after soybean has reached maturity. Pod
shattering is influenced by rainfall following dry weather, low humidity, high temperature, rapid
temperature changes, and wetting and drying of the pod (Agrawal et al., 2002). Under the ESPS,
these types of weather conditions can be expected. Therefore, in an attempt to reduce field
deterioration, fungicide applications might be utilized to control field fungi that accelerate the
deterioration processes and harvest aids could be applied in an attempt to minimize the time
seeds are exposed to weather (Delouche et al., 1995).
In soybean production systems, there are more than one hundred known pathogens with
the ability to cause disease. Of these pathogens, approximately thirty-five are economically
important (Bowers and Russin, 1999). In the mid-southern U.S., soybean yield losses and disease
pressure varies from field to field. From 2010 to 2014, an estimated loss of 9,753 metric tons was
associated with fields where disease was present (Allen et al., 2017). Therefore, pathogens are
one of the major constraints of profitable production due to ideal environmental conditions
present for pathogen development during the growing season (Bowers and Russin, 1999). This is
significant in that during soybean’s late reproductive stages, environmental conditions
commonly consist of warm nighttime temperatures with high levels of humidity to potentially
6

increase the rate of disease development and resulting losses in yield and quality. As a result,
fungicide application during the mid-reproductive growth stages has become a popular disease
management tool across the mid-southern region of the U.S.
Harvest aid application in Mississippi has recently become a popular management
practice due to efficient harvest capabilities offered to producers. Harvest aids have traditionally
been used to control weeds, defoliate crops, and increase harvest efficiency (Griffin et al., 2010).
The use of harvest aids is increasing to not only assist with pre-harvest weed control, but also aid
in combating the retention of green material for more rapid reduction of seed moisture and
ultimately a more efficient harvest (Boudreaux and Griffin, 2011). However, harvest aids do not
increase the yield of a plant, but instead are used to desiccate all green material to increase
efficiency of harvest resulting in protection of yield and quality that has already been determined
(Irby et al., 2017). Weeds present at harvest can decrease harvest efficiency in an ESPS as
soybean reaches maturity during August and early September when environmental conditions
allow weeds to return prior to soybean maturity (Heatherly, 2019). Therefore, in an ESPS, the
use of a harvest aid can reduce header loss, especially when vining weeds such as morningglory
(Ipomea spp.) are present (Boudreaux and Griffin, 2011). Previous research has demonstrated an
increase in net returns associated with treatment cost of harvest aids applied in the presence of
varying levels of morningglory when compared to no harvest aid application (Poston, 2003).
However, it has been recommended to only control weed infestations that will result in enough
foreign material in the harvested grain to cause dockage (Reddy et al., 1999). Seed and grain
quality are negatively affected with an increase in foreign material and seed moisture when green
plants and weeds are present at harvest (Ellis et al., 1998; Willard and Griffin 1993).
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During a typical mid-southern U.S. growing season, environmental factors vary spatially
and temporally resulting in variations of soybean seed quality, grain quality, and yield. While not
every harvest season experiences extremes in environmental conditions, those that do may result
in major quality issues leading to excessive financial losses. For example, the U.S. left
approximately 637,000 hectares of soybean in the field due to adverse weather conditions in
2018 (USDA-NASS, 2018). Of that 637,000 hectares Arkansas attributed 24,000, Louisiana
61,000, Mississippi 16,000, and Missouri 28,000 (USDA-NASS, 2018). With the average
soybean yield at 3,403 kg ha-1 and price per unit of soybean at $0.37 kg-1, the U.S. had a
complete loss of over $800 million due to adverse weather conditions (USDA-NASS, 2018).
That is not to mention the amount of money lost from the number of hectares that were harvested
late where quality may not have been a problem, but rather yield losses due to other
environmental factors. These delayed harvest conditions are ultimately caused by substantial
amounts of rainfall in a short period of time. Furthermore, soybean harvest season also coincides
with peak hurricane season making delayed harvest scenarios more of a reality (Tropical
Cyclone Climatology, n.d.). When harvest is delayed there can be an increase in disease
development resulting in significant losses of soybean yield and quality. From a management
standpoint, limited data are available supporting practices to mitigate these losses. This, coupled
with unpredictability of environmental conditions present when harvest is delayed, increases the
importance of first understanding the impact that current management strategies such as
fungicide or harvest aid application could have on yield and quality under delayed harvest
situations. Therefore, the objectives of this research were to evaluate the impact of soybean
management strategies including 1) fungicide application, 2) harvest aid application, and 3)

8

fungicide application followed by harvest aid application on soybean seed and grain quality
following delayed harvest conditions.

9
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CHAPTER II
EVALUATION OF SOYBEAN QUALITY UNDER DELAYED HARVEST CONDITIONS
FOLLOWING AUTOMATIC FUNGICIDE APPLICATION
2.1

Abstract
Soybean harvest may be delayed following adverse weather conditions, so soybean

quality becomes subject to reductions as the environmental conditions favor disease
development. The objective of this research was to evaluate quality as it relates to delayed
harvest conditions for soybean treated with fungicide at the R4 growth stage (1.9 cm pod in the
upper four nodes). Experiments were conducted in 2019 and 2020 at Mississippi State
University’s (MSU) R. R. Foil Plant Science Research Center near Starkville, MS, Delta
Research and Extension Center near Stoneville, MS, and North Mississippi Research and
Extension Center near Verona, MS. This experiment was designed as a split-split-plot with the
main-plot factor including two planting dates, the sub-plot factor including three fungicide
treatments, and the sub-sub-plot factor including four harvest intervals. A combination of
pydiflumetofen plus difenoconazole or a combination of fluxapyroxad plus pyraclostrobin plus
tetraconazole resulted in increased yield compared to an application of azoxystrobin or soybean
receiving no fungicide application. Lastly, shattering prior to harvest, soybean quality, and
overall grain yield were not negatively impacted by fungicide application but by the interaction
of planting date and harvest delay.
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2.2

Introduction
Fungicides are generally applied to aid in preventing the occurrence of disease rather than

as a cure (Wrather and Koenning, 2006). Fungicides are most commonly grouped by their mode
of action (MOA). Three primary MOAs are labeled for use in soybean. The quinone-outside
inhibitor (QoI, or strobilurins) is made up of three fungicide families with strobilurins being the
most commonly recognized (Mueller, 2006b). The QoIs should be used preventatively to manage
foliar diseases making it most effective when applied prior to or at the earliest stages of disease
development (Bartlett et al., 2002). The QoIs inhibit fungal mitochondrial respiration within the
targeted fungi, and result in termination of energy production that causes the fungus to die
(Mueller, 2006b). Similarly, the succinate dehydrogenase inhibiting (SDHI) group of fungicides
are classified as respiration inhibitors that target the succinate enzyme to affect mitochondrial
respiration and the electron transport chain (Keon et al., 1991). The SDHIs are primarily applied
to manage foliar fungal diseases such as Septoria brown spot and frogeye leaf spot (Galloway,
2008). The next MOA commonly applied to soybean is a group known as the demethylation
inhibitor (DMI), which consists of the triazole fungicides (Mueller, 2006a). The products that
contain DMIs cause fungi to grow abnormally until death by inhibiting a specific enzyme (C14demethylase) from assisting in sterol production, which is needed to aid in maintaining the
structure of cells walls (Mueller, 2006a). Triazole fungicides should be applied preventatively
due to the ineffectiveness of control once the fungus begins to produce spores (Mueller, 2006a).
Overall, the potential for a fungicide to reduce the occurrence of disease depends on numerous
factors working together and individually as they contribute to decreases in yield and quality
(Bandara et al., 2020).
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The current suggestion for applying fungicides as a proactive management practice in
Mississippi consists of applications at the R3 (0.5 cm pod in the upper four nodes) or R4 (1.9 cm
pod in the upper four nodes) growth stage in situations where continuous soybean has been
planted early in irrigated fields, which is generally considered to be a high-yield environment
(Allen, 2015; Fehr et al., 1971). Fungicides are applied at this time due to the importance of
preventing disease development during later reproductive soybean growth stages. It is important
to prevent the incidence of disease before seed develops as it relates to potential reductions in
quality and yield (Bandara et al., 2020; Mueller et al., 2013). Due to efforts to reduce quality and
yield losses associated with disease, fungicide use in soybean has dramatically increased since
2005.
During the 2018 growing season in Mississippi, there was an estimated 11.2% reduction
in yield as a result of plant diseases with 6.7% caused by foliar fungal diseases and 4.5% caused
by late-season pathogens (Allen et al., 2018). Phomopsis seed decay (PSD) and purple seed stain
(PSS) are considered late-season fungal diseases. Caused by a fungus, Phomopsis longicolla,
PSD commonly leads to poor grain quality generally experienced late in the growing season
(Sinclair, 1993). Also impacting overall soybean quality, PSS disease is commonly caused by a
fungus, Cercospora kukuchii. Turner et al. (2020) reported a decrease in soybean germination
caused by PSS, but this disease did not influence protein and oil content. However, the effects
that PSD and PSS have on seed and grain quality are still conflicting due to antagonistic effects
from other diseases coupled with the lack of visible symptoms expressed by infected plants
(Turner et al. 2020). In addition, PSD is more of a problem under warm, wet environmental
conditions. This is significant in that during soybean’s late reproductive stages, environmental
conditions in the mid-southern U.S. commonly consist of warm nighttime temperatures with high
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levels of humidity to potentially increase the rate of disease development and losses in yield and
quality.
The implementation of the Early Soybean Production System (ESPS) in the mid-southern
U.S. often results in physiologically mature soybean earlier in the growing season when rainfall
and high humidity commonly prevent heavy machinery from entering the field (Heatherly,
1999). Harvest season in Mississippi typically lasts from mid-August to mid-November and in
2019 and 2020 Mississippi encountered precipitation from a total of seven tropical storms and
hurricanes during these months (Anonymous, 2021; Tropical Cyclone Climatology, n.d.). As a
result, soybean seed were prone to increased incidences of disease development and weathering
ultimately resulting in reduced profits due to poor quality. From a management standpoint,
limited data are available supporting practices to mitigate these losses. This, coupled with
unpredictability of environmental conditions present under delayed harvest conditions, increases
the importance of first understanding the impact that current management practices such as
fungicide application could have on yield and quality under these delayed harvest situations.
Therefore, the objective of this research was to evaluate soybean quality and yield following
automatic fungicide application and delayed harvest conditions.
2.3
2.3.1

Materials and Methods
Location Information and Agronomic Management
Irrigated field experiments were conducted at two locations during the 2019 growing

season and three locations during the 2020 growing season. In 2019, locations included MSU’s
R. R. Foil Plant Science Research Center near Starkville, MS (33.474844ºN, -88.786186ºW), on
a Marietta fine sandy loam (fine-loamy, siliceous, active, thermic Fluvaquentic Eutrudepts) and
the Delta Research and Extension Center near Stoneville, MS (33.402072ºN, -90.925853ºW), on
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a Sharkey clay (very-fine, smectitic, thermic Chromic Epiaquerts). Experimental locations
during the 2020 growing season included the same two from 2019 plus an additional location at
MSU’s North Mississippi Research and Extension Center near Verona, MS (34.165908ºN, 88.720533ºW), on a Leeper silty clay loam (fine-loamy, siliceous, active, thermic Fluvaquentic
Eutrudepts).
Standard agronomic practices for soil fertility, weed control, irrigation, and insect
management were implemented as suggested by MSU Extension. Plots were planted with an
indeterminate maturity group IV cultivar, Asgrow AG46X6 (Monsanto Company, St. Louis,
MO). The specific cultivar was selected as it represents a large percentage of the planted soybean
hectares in Mississippi. In 2019 and 2020, both the Starkville and Verona locations were seeded
at a rate of 321,100 seeds ha-1 on 97 cm rows. The Stoneville location was seeded at a rate of
321,100 seeds ha-1 on single 101.6 cm rows in 2019 and on twin 101.6 cm rows in 2020. Plots
measured four rows wide by 12.2 m in length. Seed was planted at a depth of 2.8 cm using a
planter equipped with John Deere MaxEmerge XP row units (John Deere, Moline, IL) at both
locations in 2019 as well as the Starkville and Verona locations in 2020. A Monosem NG Plus
Custom Built twin row planter equipped with Monoshox row units (Monosem Incorporated,
Edwardsville, KS) was used at Stoneville in 2020. Irrigation was delivered using 30.48-cm flatlay polyethylene tubing (Delta Plastics, Little Rock, AR) to every other furrow.
2.3.2

Experimental Design
The corresponding experiments were designed as a split-split-plot with the main-plot

factor including two planting dates, the sub-plot factor including three fungicide treatments, and
the sub-sub-plot factor including four harvest intervals. Planting dates included a targeted early
(late-April) and late (late-May) planting date. Fungicide treatments included azoxystrobin (as
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Quadris (Syngenta Crop Protection, Greensboro, NC), pydiflumetofen plus difenoconazole as
Miravis Top (Syngenta Crop Protection, Greensboro, NC), and the combination of fluxapyroxad
and pyraclostrobin as Priaxor (BASF, Raleigh, NC) plus tetraconazole as Domark (Gowan,
Yuma, AZ). Harvest intervals included a properly timed harvest (0) followed by delayed harvests
2, 4, and 6 weeks after the initial harvest date. A non-treated check was included with each
fungicide treatment and harvest delay combination for comparison. Each treatment was
replicated four times. The list of planting dates and harvest dates for each location and year are
included in Table 2.1.
Fungicide treatments were initiated once soybean reached the R4 growth stage.
Fungicides were applied to all four rows of each plot using a CO2 powered backpack sprayer at
an operating pressure of 221 kPa and an application volume of 140 liters ha-1 through TeeJet
Turbo TwinJet flat spray nozzles (TTJ11002; TeeJet Technologies Southeast, Tifton, GA).
Azoyxstrobin was applied at 0.109 kg ai ha-1, pydiflumetofen plus difenoconazole applied at
rates of 0.075 plus 0.125 kg ai ha-1 respectively, and fluxapyroxad plus pyraclostrobin plus
tetraconazole at rates of 0.049 plus 0.097 plus 0.067 kg ai ha-1, respectively. Each fungicide
treatment included a non-ionic surfactant applied at a rate of 0.25% volume per volume (v/v).
2.3.3

Data Collection and Statistical Analysis
Visual ratings for defoliation, green stem, and lodging were recorded prior to each

harvest timing. Defoliation ratings were recorded on a scale from 0 to 100%, with 0% being no
defoliation and 100% being complete defoliation. Lodging and green stem visual ratings were
recorded on a scale of 0 to 10, with 0 being no lodging or green stem and foliage and 10 being
plants that were completely lodged or completely green. In addition, seed shattering was
measured to evaluate potential yield reductions by counting the number of seed m-2 in each plot
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prior to each harvest timing. The center two rows of each plot were harvested uniformly using a
Kincaid 8-XP High Performance Multi-Crop Plot Combine (Kincaid Equipment Manufacturing,
Co., Haven, KS). Soybean yield was adjusted to 13% moisture content. At harvest, samples were
collected from each plot for grain quality analyses and germination tests. Grain quality samples
were inspected and evaluated by a USDA designated Grain Inspection Agency (Mid-South Grain
Inspection, Stoneville, MS) for discounts from overall damage using the USDA Commodity
Credit Corporation (CCC) Premium and Discount guide (Anonymous, 2020). The additional
samples collected for quality analyses were subjected to a seed germination test by placing 200
seed between wet pieces of germination paper. They were then rolled tightly and secured with
rubber bands on each end prior to incubation. Seed were incubated for 7d in an accelerated aging
chamber alternating between 20° C for 16hr in the dark and 30° C for 8hr in the light. After 7d,
the number of germinated seed were counted for each plot and data converted to percent
germination. Lastly, data collected were subject to ANOVA using the PROC GLIMMIX
package in SAS (v. 9.4, SAS Institute Inc., Cary, NC) with experimental replication (nested
within site year) as a random effect parameter (Blouin et al. 2011). Data were analyzed using
Type III statistics in Statistical Analysis Software (v. 9.4, SAS Institute Inc., Cary, NC) to test
for effects from main-plot, sub-plot, and sub-sub-plot factors. Least square means were
calculated and separated at the p ≤ 0.05 significance level using PDMIX800 in SAS, which is a
macro for converting mean separation output to letter groupings (Saxton 1998).
2.3.4

Economic Analysis and Weather Data
Economic analyses from this experiment are based off soybean yield and quality data

collected and analyzed for each planting date and harvest delay interval combination. Total
revenues were assessed by multiplying market grain price by overall grain yield for each planting
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date and harvest delay interval, then subtracted by their corresponding total grain quality damage
discounts (Table 2.2). Total grain quality damage discounts per hectare are equal to the sum of
damaged kernels (total) rating discount and heat-damaged kernels rating discount derived from
using the USDA Commodity Credit Corporation (CCC) Premium and Discount guide and a
monetary price per 27.2 kg for each planting date and harvest delay interval combination
assigned based on damage rating (Anonymous, 2020).
Permanent weather stations were located at each experiment location and were capable of
logging data hourly. Daytime temperature and relative humidity data were logged between 6 am
and 6 pm while nighttime temperature and relative humidity data were logged between 6 pm and
6 am. Average daytime temperature, nighttime temperature, daytime relative humidity, and
nighttime relative humidity from initial harvest (0 week) to each harvest delay interval were
calculated for each site year averaged across all site years. Precipitation totals for each site year
were summed from all rainfall events between harvest delay intervals and averaged across all site
years. Weather data are displayed in Table 2.3 to summarize weather conditions between each
harvest interval (Anonymous, 2021).
2.4
2.4.1

Results and Discussion
Defoliation, Green Stem, Lodging, and Shattering
No differences in defoliation and lodging ratings were detected due to fungicide

treatment (results not presented). However, the interaction of planting date and harvest delay
influenced lodging ratings (Table 2.4). Following the 0 week harvest delay interval, lodging
ratings were greatest for early-planted soybean across remaining harvest delay intervals when
compared to soybean planted late (Table 2.5). Fungicide treatment and planting date both
interacted with harvest timing (p<0.0001 and p<0.0001, respectively) while fungicide treatment
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also interacted with planting date (p=0.0247) to influence estimates of green stem (results not
presented). However, green stem estimates never scored above 2, meaning that the influence of
these factors on soybean green stem is minimal.
Soybean shattering prior to harvest was impacted by the interaction of planting date and
harvest delay (p<0.0001). Previous research reveals that shattering can be caused by low
humidity, high temperature, rapid temperature changes, rapid wetting and drying of the pod, etc
(Tsuchiya, 1987). Early-planted soybean encountered more shattering than late-planted soybean
at the 0 and 4 week harvest delay interval (Table 2.5). At the 2 week interval results were similar
for both planting dates. However, at the 6 week harvest delay interval shattering was greatest for
late-planted soybean when compared to early. These findings could have been caused by
environmental conditions, as cultivars planted in mid-April generally mature in mid-September
when normal temperature and relative humidity are high (Smith et al., 2008). Fungicide product
applied did not influence the amount of shattering that occurred (p=0.7581) (Table 2.4).
Therefore, it is concluded that increased shattering is primarily related to environmental
conditions leading up to harvest.
2.4.2

Yield
Soybean yield was directly influenced by fungicide treatment (p<0.0001) and the

interaction of planting date and harvest delay (p=0.0011) (Table 2.4). The interactions of harvest
delay and fungicide treatment (p=0.5406), soybean planting date and fungicide treatment
(p=0.1984), or harvest delay, fungicide treatment, and soybean planting date (p=0.2678) did not
impact soybean yield (Table 2.4). Soybean receiving an application of either pydiflumetofen plus
difenoconazole or fluxapyroxad plus pyraclostrobin plus tetraconazole produced greater yield
than soybean receiving an application of azoxystrobin or no fungicide across all planting dates
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(Table 2.6). These results are consistent with those from previous research which reported a yield
increase of 3.0% following the application of fungicides containing multiple MOAs when
compared to no fungicide application (Kandel et al., 2020). Overall, these data confirm that yield
potential is greater for soybean planted early, with yield being reduced from the maximum
potential as harvest is delayed due to the influence of the interaction of planting date and harvest
delay (Table 2.5).
2.4.3

Soybean Quality
Grain quality was impacted by planting date and harvest delay (p<0.0001), but not by

fungicide treatment (p=0.0984) (Table 2.4). In addition, the interaction of fungicide treatment
and planting date (p=0.8048) as well as of harvest delay, fungicide treatment, and planting date
were not significant (p=0.2457) (Table 2.4). Early-planted soybean may result in damage
increases when compared to late-planted soybean (Table 2.5). Also, total seed damage of
soybean planted within each of the two planting dates increased at the 4 and 6 week harvest
intervals when compared to the timely (0 week) harvest. These data confirm that as grain
remains unharvested in the field, total damage may increase over time, and could be more severe
for earlier-planted soybean (Table 2.5).
Germination tests revealed an interaction of planting date and harvest delay (p<0.0001)
impacted seed quality, but fungicide treatment did not (p=0.0514) (Table 2.4). Germination of
seed was greater at initial harvest for the late planting date, and seed from all other harvest
intervals resulted in reduced germination (Table 2.5). These data are similar to the results
reported by Heatherly (1996) who observed that regardless of cultivar, planting early may result
in harvested seed with low germination.
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2.4.4

Economic Analysis and Weather Data
Soybean planted early can increase profitability even after experiencing greater grain

quality discounts as harvest is delayed up to 4 weeks compared to late-planted soybean due to
greater yield values of soybean planted early (Table 2.2). However, at the 6 week harvest delay
interval soybean planted late had greater total revenue when compared to an early planting date
due to decreased grain quality discounts and greater yield values. When soybean were harvested
on time with a market price of $0.37 kg-1, early-planted soybean total revenue increased $30.84
ha-1 compared to late-planted soybean (Table 2.2). The total revenue lost between consecutive
harvest delay intervals (0 to 2 week, 2 to 4 week, 4 to 6 week) within the early planting date and
soybean valued at $0.37 kg-1, resulted in differences of $73.53 ha-1, $154.33 ha-1, and $244.85
ha-1, respectively (Table 2.2). In addition, the total revenue lost between consecutive harvest
delay intervals (0 to 2 week, 2 to 4 week, 4 to 6 week) within the late planting date and soybean
valued at $0.37 kg-1, resulted in differences of $61.25 ha-1, $156.94 ha-1, and $24.24 ha-1,
respectively (Table 2.2).
The difference in total rainfall between initial harvest and 2-week harvest delay of
soybean within each planting date reveals that soybean planted early encountered slightly less
precipitation compared to soybean planted late (Table 2.3). In addition, these data suggest that
damage deductions of early planted soybean harvested 2 weeks late results in financial losses of
$50.09 ha-1 of soybean sold (Table 2.2). Also, when compared to initial harvest of early planted
soybean, losses due to grain quality reductions increased by approximately 43% as harvest is
delayed 2 weeks. While total rainfall accumulated was not as high between the remaining harvest
delay intervals, total damage and the corresponding damage deductions continued to increase as
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harvest was delayed. These data confirm the importance of timely harvest not only for
maximizing yield, but also profitability.
2.5

Conclusion
Soybean quality and yield can be positively influenced by fungicide. However, if harvest

is delayed, fungicide application at R4 growth stage has no influence on reductions in soybean
yield and quality. Instead, the actual harvest delay may be responsible for reductions in both
soybean yield and quality, likely as a result of shattering losses along with environmental
conditions that may impact quality. Specifically, rainfall accumulations could explain the quality
and financial losses observed due to damage deductions as harvest was delayed in this
experiment. Soybean planted at the early planting date encountered greater amounts of rainfall
along with higher day and nighttime temperatures while experiencing the greatest loss in quality
for any planting date and harvest delay combination. According to previous research, these are
the exact environmental conditions that promote the occurrence of disease that may impact
quality (Heatherly, 1999; Tsuchiya, 1987). Economic analysis indicated that higher yields
produced by early-planted soybean resulted in greater total revenue even after encountering
greater grain quality reductions when compared to soybean harvested following the late-planting
date. In conclusion, when harvest is delayed, standard soybean disease management strategies
will have no impact on soybean quality. Therefore, in order to maximize profitability and reduce
the potential loss of return on investment for inputs associated with standard soybean disease
management, every attempt should be made to ensure soybean harvest is not delayed.
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Table 2.1

Planting and harvest dates for locations of Starkville, Stoneville, and Verona in 2019 and 2020.

Location
Year
Early Plantinga
0 Weekb
2 Weekb
4 Weekb

Starkville
2019

2020

2019

2020

30-Apr
20-Sep

30-Apr
6-Oct

--d
--d

12-May
5-Oct

Verona
2020
5-May
2-Oct

4-Oct

20-Oct

--d

21-Oct

19-Oct

4-Nov

4-Nov

18-Nov

19-Nov
3-Jun
19-Oct
4-Nov

24-Oct

Stoneville

3-Nov

--

d
d

6-Nov

17-Nov

--

29-May

26-May

30-May

0 Weekb

4-Oct

6-Oct

3-Oct

--f
--f

2 Weekb

24-Oct

20-Oct

-- e

--f

6 Week

b

Late Plantingc

4 Weekb

6-Nov

3-Nov

24-Oct

--

f

--f
6 Weekb
15-Nov
17-Nov
20-Nov
a
Planted late April.
b
Number of weeks harvest was delayed beyond initial harvest (0 week).
c
Planted late May.
d
Not planted within the planting date parameters due to adverse weather conditions.
e
Not harvested within the harvest interval due to adverse weather conditions.
f
Poor stand due to adverse weather conditions following planting within planting date parameters.
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19-Nov
-- e

Table 2.2

Estimated total revenue of soybean following economic losses due to damage discounts.

Soybean Market
Price

$0.37 kg-1
Total Grain Quality
Discounta
$ ha-1

Total Revenueb
$ ha-1

Early Plantingc
0 Weekd
2 Weekd
4 Weekd
6 Weekd

$35.02
$50.09
$73.07
$183.24

$1,426.48
$1,352.95
$1,198.62
$953.77

$0.00
$1.31

$1,395.64
$1,334.39

$30.60
$16.73

$1,177.45
$1,153.21

Late Plantinge
0 Weekd
2 Week

d

4 Weekd
d

6 Week
Overall price reduction due to total damage discounts as provided by a USDA certified grain inspection facility based on yield
averages across all fungicide treatments and site years.
b
Overall profit after discounts
c
Late April
d
Number of weeks harvest was delayed beyond initial harvest (0 week).
e
Late May
a
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Table 2.3

Weather data recorded between harvest delay intervals and planting dates averaged across all site years.
Precipitationd

0 to 2 Week Delaya

centimeters

Day-Time
Temperaruee

Night-Time
Temperaturef

Day-Time
Relative
Humidityg
%

Night-Time
Relative
Humidityh
%

°C

°C

4.91

23.11

17.83

68.02

89.15

Late Planting
Difference

5.07
-0.06

19.48
3.63

15.21
2.62

74.55
-6.53

92.36
-3.22

0 to 4 Week Delaya
Early Plantingb
Late Plantingc

9.74
13.53

20.38
18.64

15.80
14.83

72.32
74.25

90.62
90.64

Difference

-3.78

1.75

0.97

-1.94

-0.02

15.04

19.38

14.70

71.74

91.00

Late Planting

20.82

16.12

12.04

72.98

90.06

Difference

-5.78

3.26

2.66

-1.25

0.94

Early Plantingb
c

0 to 6 Week Delay
Early Plantingb
c

a

a

Harvest delayed 2, 4, and 6 weeks
Late April
c
Late May
d
Total rainfall between harvest intervals
e
Average daytime temperature
f
Average nighttime temperature between harvest intervals
g
Average daytime relative humidity between harvest intervals
h
Average nighttime relative humidity between harvest intervals
b
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Table 2.4

Factors

Analysis of variance for lodging, shattering, yield, grain quality and germination, for treatment combinations of harvest
delay, fungicide treatment, and planting date across all locations during 2019 and 2020.
Lodginga
Shatteringb
Yield
Grain Qualityc Germinationd
--------------------------------p-valuese-------------------------------<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.1053
0.7581
<0.0001
0.0984
0.0514
0.8359
0.9593
0.5406
0.6506
0.7081
<0.0001
0.0085
0.0005
<0.0001
0.4751
0.0035
<0.0001
0.0011
<0.0001
<0.0001
0.6488
0.7188
0.1984
0.8048
0.8326
0.9890
0.9672
0.2678
0.2457
0.9928

Harvest Delayf
Fungicide Treatmentg
Harvest Delay * Fungicide Treatment
Planting Dateh
Planting Date * Harvest Delay
Planting Date * Fungicide Treatment
Planting Date * Fungicide Treatment
* Harvest Delay
a
Lodging rating at harvest.
b
Shattering prior to harvest.
c
Total damaged kernels provided by a USDA certified grain inspection facility.
d
Percent germination obtained through germination tests.
e
Data were pooled across all 2019 and 2020 site years.
f
Harvest delayed 0, 2, 4, and 6 weeks.
g
Fungicide treatments plus non-treated (n=4).
h
Late April and Late May (n=2).
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Table 2.5

Interaction of planting date and harvest delay on soybean lodging, shattering, yield, grain quality, and germination
averaged across all treatments and site years.

Early
Plantingg
0 Weekh
2 Weekh
4 Weekh
6 Weekh

Lodginga

Shatteringb

Yielde

Grain Qualityd

Germinationc

p=0.0035f

p<0.0001f

p=0.0011f

p<0.0001f

p<0.0001f

0-10

Seeds/m2

kg/ha

%

%

2.9 c
3.8 a
3.4 b
3.9 a

5.9 ed

3,949.5 a
3,791.6 b
3,436.9 d
3,072.5 f

4.0 dce
5.7 c
8.6 b
25.3 a

65.7 b

3,771.8 b
3,610.1 c

1.9 e
3.2 de

75.7 a

3,265.2 e
3,161.8 fe

6.0 c
5.1 dc

27.3 d

9.9 cbd
10.4 cb
13.5 b

33.7 c
16.6 e
14.5 e

Late Plantingi
0 Weekh
2 Weekh
4 Weekh

2.7 c
2.8 c

0.0 f

2.6 c
3.4 b

4.9 e

7.7 ced

32.8 dc

41.5 a
0.0 f
6 Weekh
a
Lodging scores at harvest rated on a scale of 1-10 with 1 being excellent and 10 being poor.
b
Shattering ratings consisting of number of seeds/m2 prior to harvest.
c
Percent germination is a measure of seed quality rated on a scale of 0-100 with 100 being excellent and 0 being poor.
d
Damaged kernels total percent plus heat tolerance percent score provided by a USDA certified grain inspection facility.
e
Yield measured in kg/ha.
f
LS-means within the same column followed by the same letter are not significantly different at p=0.05.
g
Late April
h
Number of weeks harvest was delayed beyond initial harvest (0 week).
i
Late May
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Table 2.6

Evaluation of soybean yield for each fungicide treatment averaged across all
planting dates, harvest delay intervals, and site years.
Yield

Fungicide Treatment
Non-treated

(kg ha-1)
3,387 b

Azoxystrobin

3,419 b

Fluxapyroxad + Pyraclostrobin + Tetraconazole

3,578 a

Pydiflumetofen + Difenoconazole

3,646 a

p<0.0001a
a
LS-means within the same column followed by the same letter are not significantly different at
p=0.05.
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CHAPTER III
EVALUATION OF SOYBEAN QUALITY UNDER DELAYED HARVEST CONDITIONS
FOLLOWING A HARVEST AID APPLICATION
3.1

Abstract
During soybean harvest season, the environmental conditions vary spatially and

temporally resulting in unpredictable delayed harvest scenarios for producers scattered all across
the mid-southern region of the United States. As a result, harvest aid application in Mississippi
has become a popular management practice as it hastens crop maturity and allows for an earlier,
more efficient harvest. Experiments were conducted in 2019 and 2020 at Mississippi State
University’s (MSU) R.R. Foil Plant Science Research Center near Starkville, MS, Delta
Research and Extension Center near Stoneville, MS, and North Mississippi Research and
Extension Center near Verona, MS. This experiment was designed as a split-split-plot with the
main-plot factor including two planting dates, the sub-plot factor including three harvest aid
treatments, and the sub-sub-plot factor including four harvest intervals. Results indicate that
harvest aid application may result in shattering but not in a decrease of grain and seed quality.
Soybean planting date and harvest delay each independently influence soybean yield while the
interaction of the two can impact soybean quality.
3.2

Introduction
Harvest aid application is becoming increasingly popular among soybean producers in

Mississippi. Harvest aids are typically used to control weeds, defoliate crops, and increase
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harvest efficiency (Griffin et al., 2010). The use of harvest aids may be beneficial to not only
assist with pre-harvest weed control but also aid in combating the retention of green material for
faster reduction of seed moisture and ultimately a more efficient harvest (Boudreaux and Griffin,
2011). Weeds that are present at harvest can decrease harvest efficiency in an Early Soybean
Production System (ESPS) due to soybean reaching maturity during August and early September
when environmental conditions allow weeds to return prior to soybean maturity (Heatherly,
2019). Therefore, in an ESPS, the use of a harvest aid can reduce header loss, especially when
vining weeds such as morningglory (Ipomea spp.) are present (Boudreaux and Griffin, 2011).
Among the products labeled for use as harvest aids in soybean are paraquat and sodium
chlorate. Paraquat causes desiccation in plants by inhibiting photosynthesis at photosystem I
(Senseman, 2007). Desiccation begins rapidly within a few hours of application in full sunlight
(Griffin et al., 2010). Following harvest aid application, the minimum number of days that must
pass before harvest can take place is known as the pre-harvest interval (PHI). The PHI for
paraquat is 15 days. The label for paraquat states that applications to indeterminate soybean
cultivars should occur when at least 65% of the seed pods have reached a mature color or when
seed moisture is 30% or less (Syngenta, 2019). A study conducted in Mississippi, documented a
reduction in yield due to the application of paraquat made at either the beginning of seed
development (R5) or when pods contain seed that completely fill the pod cavity (R6) (Ratnayake
and Shaw, 1992). Therefore, yield losses can occur when harvest aids are applied before all seed
on the soybean plant have reached the beginning of physiological maturity or the R7 growth
stage (Griffin et al., 2010). The use of paraquat increases potential for losses in yield and quality
due to unpredictable environmental conditions that can delay harvest while waiting on the PHI.
During this time, the grain is susceptible to late-season environmental conditions. Furthermore,
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sodium chlorate is a strong oxidizing agent labeled as a preharvest desiccant that causes rapid
desiccation (Griffin et al., 2010). The label for sodium chlorate states that applications made on
soybean should commence seven to ten days prior to anticipated harvest (Drexel, 2015). In order
to achieve optimum results from an application, environmental conditions at the time of
application should consist of high temperature and humidity, low wind velocity, and high to
adequate soil moisture. However, sodium chlorate should not be applied if rain is expected
within 24 hr (Drexel, 2015).
While harvest aids are often used to improve harvest efficiency, an additional benefit may
be that they could protect quality with delayed harvest conditions by promoting an earlier
harvest. When delayed harvest conditions are expected, it can be beneficial to apply a harvest aid
to limit the extent and severity of weathering during pre-harvest reproductive growth stages due
to severe deterioration of grain that can occur (Griffin et al., 2010). With the relatively recent
adoption of wide-scale harvest aid application as a soybean management strategy, it is important
to evaluate the impact of this strategy on soybean yield and quality, especially in situation where
harvest may be delayed. Therefore, the objective of this research was to evaluate soybean yield
and resulting quality following a harvest aid application under delayed harvest conditions.
3.3
3.3.1

Materials and Methods
Location Information and Agronomic Management
Irrigated field experiments were conducted at two locations during the 2019 growing

season and three locations during the 2020 growing season. In 2019, locations included MSU’s
R. R. Foil Plant Science Research Center near Starkville, MS (33.474844ºN, -88.786186ºW), on
a Marietta fine sandy loam (fine-loamy, siliceous, active, thermic Fluvaquentic Eutrudepts) and
the Delta Research and Extension Center near Stoneville, MS (33.402072ºN, -90.925853ºW), on
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a Sharkey clay (very-fine, smectitic, thermic Chromic Epiaquerts). Experimental locations
during the 2020 growing season included the same two from 2019 plus an additional location at
MSU’s North Mississippi Research and Extension Center near Verona, MS (34.165908ºN, 88.720533ºW), on a Leeper silty clay loam (fine-loamy, siliceous, active, thermic Fluvaquentic
Eutrudepts).
Standard agronomic practices for soil fertility, weed control, irrigation, and insect
management were implemented as suggested by MSU Extension. Plots were planted with an
indeterminate maturity group IV cultivar, Asgrow AG46X6 (Monsanto Company, St. Louis,
MO). The specific cultivar was selected as it represents a large percentage of the planted soybean
hectares in Mississippi. In 2019 and 2020, both the Starkville and Verona locations were seeded
at a rate of 321,100 seeds ha-1 on 97 cm rows. The Stoneville location was seeded at a rate of
321,100 seeds ha-1 on single 101.6 cm rows in 2019 and on twin 101.6 cm rows in 2020. Plots
measured four rows wide by 12.2 m in length. Seed was planted at a depth of 2.8 cm using a
planter equipped with John Deere MaxEmerge XP row units (John Deere, Moline, IL) at both
locations in 2019 as well as the Starkville and Verona locations in 2020. A Monosem NG Plus
Custom Built twin row planter equipped with Monoshox row units (Monosem Incorporated,
Edwardsville, KS) was used at Stoneville in 2020. Irrigation was delivered using 30.48-cm flatlay polyethylene tubing (Delta Plastics, Little Rock, AR) to every other furrow.
3.3.2

Experimental Design
This experiment was designed as a split-split-plot with the main-plot factor including two

planting dates, the sub-plot factor including three harvest aid treatments, and the sub-sub-plot
factor including four harvest intervals. Planting dates included a targeted early (late-April) and
late (late-May) planting date. Harvest aid treatments included paraquat as Gramoxone SL 2.0
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(Syngenta Crop Protection, Greensboro, NC), sodium chlorate as Defol 5 (Drexel Chemical
Company, Memphis, TN), and the combination of paraquat plus sodium chlorate. The four
harvest intervals included a properly timed harvest (0) followed by delayed harvests 2, 4, and 6
weeks after the initial harvest date. A non-treated check was included with each harvest aid
treatment and harvest delay combination for comparison. Each treatment was replicated four
times. The list of planting dates and harvest dates for each location and year are presented in
Table 3.1.
Harvest aid treatments were initiated once soybean reached the R7 (single pod turns
mature color) growth stage. Harvest aids were applied to all four rows of each plot using a CO2
powered backpack sprayer at an operating pressure of 221 kPa and an application volume of 140
liters ha-1 using TeeJet Extended Range spray nozzles (XR 11002; TeeJet Technologies
Southeast, Tifton, GA). Paraquat was applied at 0.28 kg ai ha-1, sodium chlorate applied at 3.37
kg ai ha-1 and paraquat plus sodium chlorate at rates of 0.28 kg ai ha-1 and 3.37 kg ai ha-1,
respectively. Each harvest aid treatment included a non-ionic surfactant applied at a rate of
0.25% volume per volume (v/v).
3.3.3

Data Collection and Statistical Analysis
Visual ratings for desiccation, green stem, and lodging were recorded 3, 7, and 10 days

following application and again prior to each harvest timing. Desiccation ratings were recorded
on a scale from 0 to 100%, with 0% being no desiccation and 100% being complete desiccation.
Lodging and green stem visual ratings were recorded on a scale of 0 to 10, with 0 being no
lodging or green stem/foliage and 10 being plants that were completely lodged or completely
green. In addition, seed shattering was measured to evaluate potential yield reductions by
counting the number of seed m-2 in each plot prior to harvest. The center two rows of each plot
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were harvested uniformly using a Kincaid 8-XP High Performance Multi-Crop Plot Combine
(Kincaid Equipment Manufacturing, Co., Haven, KS). Soybean yield was adjusted to 13%
moisture content. At harvest, samples were collected from each plot for grain quality analyses
and germination tests. Grain quality samples were inspected and evaluated by a USDA
designated Grain Inspection Agency (Mid-South Grain Inspection, Stoneville, MS) for discounts
from overall damage using the USDA Commodity Credit Corporation (CCC) Premium and
Discount guide (Anonymous, 2020). The additional samples collected for quality analyses were
subjected to a seed germination test by placing 200 seed between wet pieces of germination
paper. They were then rolled tightly and secured with rubber bands on each end prior to
incubation. Seed were incubated for 7d in an accelerated aging chamber with temperatures
alternating between 20° C for 16hr in the dark and 30° C for 8hr in the light. After 7d, the
number of germinated seed were counted for each plot and data converted to percent
germination.
Data were subjected to ANOVA using the PROC GLIMMIX package in SAS (v. 9.4,
SAS Institute Inc., Cary, NC) with experimental replication (nested within site year) as a random
effect parameter (Blouin et al. 2011). Data were analyzed using Type III statistics in Statistical
Analysis Software (v. 9.4, SAS Institute Inc., Cary, NC) to test for effects from main-plot, subplot, and sub-sub-plot factors. Least square means were calculated and separated at the p ≤ 0.05
significance level using PDMIX800 in SAS, which is a macro for converting mean separation
output to letter groupings (Saxton 1998).
3.3.4

Economic Analysis and Weather Data
Economic analyses from this experiment are based off soybean yield and quality data

collected and analyzed for each planting date and harvest delay interval combination. Total
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revenues were assessed by multiplying market grain price by overall grain yield for each harvest
delay interval, then subtracted by their corresponding total grain quality damage discounts (Table
3.2). Total grain quality damage discounts per hectare are equal to the sum of damaged kernels
(total) rating discount and heat-damaged kernels rating discount derived from using the USDA
Commodity Credit Corporation (CCC) Premium and Discount guide and a monetary price per
27.2 kg for each planting date and harvest delay interval combination assigned based on damage
rating (Anonymous, 2020).
Permanent weather stations were located at each experiment location and were capable of
logging data hourly. Daytime temperature and relative humidity data were logged between 6 am
and 6 pm while nighttime temperature and relative humidity data were logged between 6 pm and
6 am. Average daytime temperature, nighttime temperature, daytime relative humidity, and
nighttime relative humidity from initial harvest (0 week) to each harvest delay interval were
calculated for each site year averaged across all site years. Precipitation totals for each site year
were summed from all rainfall events between harvest delay intervals and averaged across all site
years. Weather data are displayed in Table 3.3 to summarize weather conditions between each
harvest interval (Anonymous, 2021).
3.4
3.4.1

Results and Discussion
Desiccation, Lodging, and Shattering
Soybean desiccation 3, 7, and 10 days following harvest aid application was influenced

by harvest aid treatment and soybean planting date. Desiccation was greater for treated soybean
compared to untreated soybean, and desiccation levels were greater for treated soybean planted
during the late planting date compared to those planted early (results not presented). Desiccation
following application of the harvest aid treatments resulted in increased desiccation compared to
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untreated soybean from 3 days after treatment up until harvest (results not presented). Lodging of
soybean was impacted by harvest aid treatment (p=0.0231) as well as the interaction between
soybean planting date and harvest delay (p=0.0034) (Table 3.4). Lodging was greater for
soybean planted early across all harvest delay intervals compared to later planted soybean
regardless of period of harvest delay. While all harvest aid treatments resulted in greater lodging
compared to the non-treated, the overall impact from lodging was minimal with estimates
ranging from 3.4 to 3.5 for the harvest aid treatments compared to a lodging score of 3.2 for the
non-treated (results not presented). Soybean shattering prior to harvest was impacted by the
interaction of harvest aid treatment and harvest delay (p<0.0001) (Table 3.4). Harvest aid
treatments caused increased shattering compared to shattering observed in the non-treated, even
at the initial harvest timing (Table 3.5).
3.4.2

Yield

Soybean yield was directly influenced by soybean planting date (p<0.0001) and harvest delay
(p<0.0001), but not by harvest aid treatment applied (p=0.2290) (Table 3.4). These results are
similar to the findings of Griffin et al. (2010) who observed no impact of harvest aid application
on soybean yield when applied after seeds have reached physiological maturity. Also, these data
confirm that early-planted soybean result in greater yield potential than late-planted soybean
(Table 3.6). Yield reductions are observed as harvest is delayed beyond the initial harvest timing
(Table 3.7). Yield reductions following harvest delay can be attributed to shattering that was
observed (Table 3.5). According to research conducted by Lindsey (2012), approximately 8 to 12
seeds per square foot can be equated to a loss of 2 to 3 bushels per acre.
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3.4.3

Soybean Quality
Grain quality results were impacted by the interaction of soybean planting date and

harvest delay (p<0.0001), but not by harvest aid treatment applied (p=0.2067) (Table 3.4). Total
damage of seed was least following the initial harvest of early planted soybean, with damage
increasing as harvest is delayed by 6 weeks (Table 3.8). Damage for later-planted soybean did
not differ among the initial harvest and the 2, 4, or 6 week delay.
Germination tests indicated the interaction of planting date and harvest delay (p=0.0003)
impacted seed quality, but harvest aid treatment did not (p=0.2447) (Table 3.4). Germination was
greater when harvest occurred on time, regardless of planting date (Table 3.8). Additionally, seed
collected from all other harvest intervals resulted in reduced germination, with decreases in
germination occurring between each harvest interval within each planting date (Table 3.8).
Following initial harvest, seed from later planted soybean resulted in lower germination
percentages than seed from soybean planted early at both the 2 and 6 week harvest delay interval
(Table 3.8).
3.4.4

Economic Analysis and Weather Data
Total grain quality damage discounts increased as harvest was delayed beyond initial

harvest (Table 3.2). For example, the total grain quality discount increased from $10.95 to
$23.83 (118%) as harvest was delayed 2 weeks (Table 3.2). In addition, the total revenue lost
between consecutive harvest delay intervals (0 to 2 week, 2 to 4 week, 4 to 6 week) with soybean
valued at $0.37 kg-1, resulted in differences of $61.43 ha-1, $37.60 ha-1, and $196.87 ha-1,
respectively (Table 3.2).
Rainfall accumulation displayed in Table 3.3 may explain the reductions in quality and
yield observed through this experiment. Heavy rainfall events occurred between the initial
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harvest and the 2 week harvest delay, as well as between the 2 and 4 week harvest delay, in the
early planted soybean. With decrease in quality and reductions in yield occurring as harvest was
delayed, these data confirm the importance of timely harvest to maximize yield and reduce the
likelihood of quality losses due to adverse weather conditions.
3.5

Conclusion
Soybean quality and yield were not influenced by harvest aid treatment, but rather by

harvest delay and planting date. With reductions in both quality and yield occurring as harvest is
delayed, the use of a timely harvest aid application as a soybean management practice could
become imperative in terms of protecting yield and maintaining profitability. In seasons where
major quality losses occur, the application of a harvest aid will not influence the amount of
damage. However, in the unfortunate event of having harvest delayed when a harvest aid has
already been applied, a reduction in yield as a result in increased seed shattering could occur. In
conclusion, harvest aids have the potential to improve harvest operations allowing producers to
avoid harvest delays if the management practice is incorporated in a timely fashion, but extra
care should be given to make these applications when conditions favor a timely harvest in order
to avoid yield penalties caused by shattering.
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Table 3.1

Planting and harvest dates for locations of Starkville, Stoneville, and Verona in 2019 and 2020

Location

Starkville

Verona

Stoneville

2019

2020

2019

2020

2020

Early Plantinga

30-Apr

30-Apr

12-May

0 Weekb

13-Sep

22-Sep

--d
--d

5-Oct

5-May
2-Oct

21-Oct

19-Oct

4-Nov

4-Nov

Year

2 Week

b

27-Sep

6-Oct

--

d
d

4 Weekb

10-Oct

20-Oct

--

6 Weekb

24-Oct

3-Nov

--d

18-Nov

19-Nov

Late Plantingc

29-May

26-May

30-May

3-Jun

0 Weekb

27-Sep

6-Oct

26-Sep

--f
--f
f

2 Weekb

10-Oct

20-Oct

-- e

--

4 Weekb

24-Oct

3-Nov

24-Oct

--f
f

-6 Weekb
6-Nov
17-Nov
20-Nov
a
Planted late April.
b
Number of weeks harvest was delayed beyond initial harvest (0 week).
c
Planted late May.
d
Not planted within the planting date parameters due to adverse weather conditions.
e
Not harvested within the harvest interval due to adverse weather conditions.
f
Poor stand due to adverse weather conditions following planting within planting date parameters.
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19-Oct
4-Nov
19-Nov
-- e

Table 3.2

Estimated total revenue of soybean following economic losses due to damage
discounts.

Soybean
Market Price

0 Weekc
2 Weekc
4 Weekc

$0.37 kg-1
Total Grain Quality
Discounta
$ ha-1
$10.95

Total Revenueb
$ ha-1

$1,139.54
$1,078.11
$1,040.51

$23.83
$24.58

$65.93
$843.64
6 Weekc
a
Overall price reduction due to total damage discounts as provided by a USDA certified grain
inspecting facility based on yield averages across all harvest aid treatments and site years.
b
Overall profit after discounts.
c
Number of weeks harvest was delayed beyond initial harvest (0 week).
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Table 3.3

Weather data recorded between harvest delay intervals and planting dates averaged across all site years.
Precipitationd

0 to 2 Weeka

Day-Time
Temperaruee

Night-Time
Temperaturef

Day-Time
Relative
Humidityg
%

Night-Time
Relative
Humidityh
%

centimeters

°C

°C

6.84

22.80

17.63

68.62

90.09

Late Planting
Difference

4.86
1.98

22.19
0.62

17.49
0.14

71.21
-2.59

89.62
0.47

0 to 4 Weeka
Early Plantingb
Late Plantingc

10.93
8.30

21.73
21.40

16.91
17.14

70.52
70.98

89.89
88.00

Difference

2.63

0.33

-0.22

-0.46

1.89

11.78

20.96

16.20

70.76

90.39

Late Planting

20.34

18.37

14.18

72.25

89.50

Difference

-8.56

2.58

2.02

-1.49

0.89

Early Plantingb
c

a

0 to 6 Week
Early Plantingb
c

a

Harvest delayed 2, 4, and 6 weeks
Late April
c
Late May
d
Total rainfall between harvest intervals
e
Average daytime temperature
f
Average nighttime temperature between harvest intervals
g
Average daytime relative humidity between harvest intervals
h
Average nighttime relative humidity between harvest intervals
b
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Table 3.4

Analysis of variance for lodging, shattering, yield, grain quality, and germination for treatment combinations of harvest
delay, harvest aid treatment, and planting date for all locations during 2019 and 2020.
Factors

Lodginga
Shatteringb
Yield
Grain Qualityc Germinationd
--------------------------------p-valuese-------------------------------<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0231
<0.0001
0.2290
0.2067
0.2447
0.1871
<0.0001
0.8182
0.1420
0.9768
<0.0001
0.7968
<0.0001
0.0698
0.9820
0.0034
0.4568
0.8741
<0.0001
0.0003
0.4055
0.4592
0.4614
0.1497
0.7517
0.5016
0.4278
0.8264
0.2997
0.9887

Harvest Delayf
Harvest Aid Treatmentg
Harvest Delay * Harvest Aid Treatment
Planting Dateh
Planting Date * Harvest Delay
Planting Date * Harvest Aid Treatment
Planting Date * Harvest Aid Treatment
* Harvest Delay
a
Lodging rating at harvest
b
Shattering prior to harvest
c
Total damaged kernels provided by a USDA certified grain inspection facility.
d
Percent germination obtained through germination tests.
e
Data were pooled across all 2019 and 2020 site years.
f
Harvest delayed 0, 2, 4, and 6 weeks
g
Harvest aid treatments plus non-treated (n=4)
h
Planting Date (n=2)
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Table 3.5

Soybean losses from shattering prior to harvest influenced by the interaction of
harvest aid treatments and harvest delay.
Shatteringa
Seed m-2

0 Weekb
Sodium Chlorate
Paraquat
Paraquat + Sodium Chlorate
Non-treated

0.4 i
0.7 ih
0.7 ih
0.4 i
2 Weekb

Sodium Chlorate
Paraquat
Paraquat + Sodium Chlorate
Non-treated

5.0 fe
3.1 fg
2.9 fg
2.6 hg
4 Weekb

Sodium Chlorate
Paraquat
Paraquat + Sodium Chlorate
Non-treated

8.5 dc
7.5 dc
9.0 c
4.6 feg
6 Weekb

Sodium Chlorate
Paraquat
Paraquat + Sodium Chlorate
Non-treated

18.5 a
16.5 ba
15.4 b
6.4 de

a

LS-means within the same column followed by the same letter are not significantly different at
p=0.05.
b
Number of weeks harvest was delayed beyond initial harvest (0 week).
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Table 3.6

Evaluation of soybean yield by planting date averaged across all harvest aid
treatments, harvest delays, and site years.

Yielda
kg ha-1
b
Early
3,029 a
c
Late
2,684 b
a
LS-means within the same column followed by the same letter are not significantly different at
p=0.05.
b
Late April
c
Late May
Planting Date
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Table 3.7

Evaluation of soybean yield by harvest delay interval averaged across all planting
dates, harvest aid treatments, and site years.

Yielda
kg ha-1
0 Week
3,109 a
2 Week
2,978 b
2,879 c
4 Week
2,458 d
6 Week
a
LS-means within the same column followed by the same letter are not significantly different at
p=0.05.
b
Number of weeks harvest was delayed beyond initial harvest (0 week).
Harvest Delayb
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Table 3.8

Evaluation of the interaction of planting date and harvest delay on soybean grain
quality and germination averaged across all harvest aid treatments and site years.
Grain Qualitya

Germinationb

p<0.0001c

p=0.0003c

Early Plantingd
0 Weeke
2 Week

e

4 Weeke
6 Weeke

1.6 d
3.3 cd
4.1 cb
15.0 a

77 a
38 c
18 ed
14 e

4.0 cb
5.5 b
5.2 b
5.2 b

72 a
45 b
22 d
8f

Late Plantingf
0 Weeke
2 Weeke
4 Weeke

6 Weeke
a
Damaged kernel totals percent plus heat tolerance percent score provided by a USDA certified
grain inspection facility.
b
Percent germination is a measure of seed quality rated on a scale of 0-100, with 100 being
excellent and 0 being poor.
c
LS-means within the same column followed by the same letter are not significantly different at
p=0.05.
d
Late April
e
Number of weeks harvest was delayed beyond initial harvest (0 week).
f
Late May
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EVALUATION OF SOYBEAN QUALITY FOLLOWING FUNGICIDE AND HARVEST AID
APPLICATIONS UNDER DELAYED HARVEST CONDITONS
4.1

Abstract
Soybean growers in the mid-southern United States face many challenges during the

growing season. As a result, soybean growers’ willingness to adopt best management practices
(BMPs) to mitigate risks from those challenges has increased. The objective of this research was
to evaluate soybean quality as it relates to delayed harvest conditions for soybean treated with
fungicide and harvest aid. Experimental design was a factorial arrangement of treatments within
a randomized complete block design with Factor A including three management strategies
consisting of a fungicide application alone, harvest aid application alone, or a combination of
both strategies and Factor B including four harvest intervals. Grain quality data suggested that
total damage was greater when harvest was delayed by 6 weeks. Seed quality analyses suggested
reductions in percent germination across all delayed harvest intervals following initial harvest.
Finally, greater yield was observed following fungicide application alone compared to the
combination of fungicide and harvest aid, non-treated, and harvest aid alone, likely a result of
shattering that occurred in soybean receiving a harvest aid treatment.
4.2

Introduction
During a typical mid-southern United States growing season, environmental factors vary

spatially and temporally resulting in variations of soybean yield, grain quality, and germination.
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While not every harvest season experiences extremes in environmental conditions, those that do
can ultimately result in major quality issues leading to drastic financial losses. For example, in
2018 the U.S. left approximately 637,000 ha of soybean in the field due to adverse weather
conditions (USDA-NASS, 2018). With the average soybean yield at 3,403 kg ha-1 and price per
unit of soybean at $0.37 kg-1, the U.S. had estimated losses that exceeded $800 million due to
adverse weather conditions (USDA-NASS, 2018). That is not to mention the amount of money
lost from the number of hectares harvested late where quality may not have been a problem but
rather yield loss due to other environmental factors. As a result, it is important to understand the
impact standard soybean management strategies have on yield, grain quality, and germination
under delayed harvest conditions.
In soybean production systems, there are more than one hundred known pathogens with
the ability to cause disease. Of these pathogens, about thirty-five are economically important
(Bowers and Russin, 1999). Also, according to the U.S. Grain Standards Act (2015), financial
losses associated with reductions in grain quality are caused by damaged kernels, discolored
seed, splits, and foreign material. However, for the purposes of this experiment damaged kernels
was the only factor evaluated. Soybean total damaged kernels is defined as grain that is badly
ground-damaged, badly weather-damaged, diseased, frost-damaged, stinkbug-stung, or otherwise
materially damaged (U.S. Soybean Export Council, 2015). Also, damaged kernels adversely
affect oil quality of soybean that are badly damaged due to mechanical injury, diseases, insects,
or environmental conditions such as high heat (U.S. Soybean Export Council, 2015). As a result,
the reductions in price offered by grain buyers depends on the percent of total damaged kernels.
In mid-southern U.S. region soybean producers encounter many challenges throughout
the growing season. One example is a decrease in grain quality and germination due to harvest
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being delayed following adverse weather conditions. Therefore, with relatively recent adoption
of wide-scale fungicide and harvest aid application as standard soybean management strategies,
it is important to evaluate the impact these practices have on soybean yield, grain quality, and
germination in delayed harvest scenarios. As a result, the objectives of this research were to
evaluate soybean yield and quality following automatic fungicide applications, automatic harvest
aid applications, and the combination of both all under delayed harvest conditions.
4.3
4.3.1

Materials and Methods
Location Information and Agronomic Management
Irrigated field experiments were conducted at two locations during the 2019 growing

season and three locations during the 2020 growing season. In 2019, locations included MSU’s
R. R. Foil Plant Science Research Center near Starkville, MS (33.474844ºN, -88.786186ºW), on
a Marietta fine sandy loam (fine-loamy, siliceous, active, thermic Fluvaquentic Eutrudepts) and
the Delta Research and Extension Center near Stoneville, MS (33.402072ºN, -90.925853ºW), on
a Sharkey clay (very-fine, smectitic, thermic Chromic Epiaquerts). Experimental locations
during the 2020 growing season included the same two from 2019 plus an additional location at
MSU’s North Mississippi Research and Extension Center near Verona, MS (34.165908ºN, 88.720533ºW), on a Leeper silty clay loam (fine-loamy, siliceous, active, thermic Fluvaquentic
Eutrudepts).
Standard agronomic practices for soil fertility, weed control, irrigation, and insect
management were implemented as suggested by MSU Extension. Plots were planted with an
indeterminate maturity group IV cultivar, Asgrow AG46X6 (Monsanto Company, St. Louis,
MO). The specific cultivar was selected as it represents a large percentage of the planted soybean
hectares in Mississippi. In 2019 and 2020, both the Starkville and Verona locations were seeded
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at a rate of 321,100 seeds ha-1 on 97 cm rows. The Stoneville location was seeded at a rate of
321,100 seeds ha-1 on single 101.6 cm rows in 2019 and on twin 101.6 cm rows in 2020. Plots
measured four rows wide by 12.2 m in length. Seed was planted at a depth of 2.8 cm using a
planter equipped with John Deere MaxEmerge XP row units (John Deere, Moline, IL) at both
locations in 2019 as well as the Starkville and Verona locations in 2020. A Monosem NG Plus
Custom Built twin row planter equipped with Monoshox row units (Monosem Incorporated,
Edwardsville, KS) was used at Stoneville in 2020. Irrigation was delivered using 30.48-cm flatlay polyethylene tubing (Delta Plastics, Little Rock, AR) to every other furrow.
4.3.2

Experimental Design
The experiment was designed as a randomized complete block with a factorial

arrangement of treatments with Factor A being three management strategies and Factor B being
four harvest intervals. The fungicide management strategy included an application of
pydiflumetofen plus difenoconazole as Miravis Top (Syngenta Crop Protection, Greensboro,
NC). The harvest aid management strategy included an application of paraquat as Gramoxone SL
2.0 (Syngenta Crop Protection, Greensboro, NC) plus sodium chlorate as Defol 5 (Drexel
Chemical Company, Memphis, TN). The fungicide and harvest aid management strategy
included a combination of pydiflumetofen plus difenoconazole and a combination of paraquat
plus sodium chlorate. The four harvest intervals included a properly timed harvest (0) followed
by delayed harvests 2, 4, and 6 weeks after initial harvest. A non-treated check was included
with each management strategy and harvest delay combination for comparison. Each treatment
was replicated four times. The list of planting dates and harvest dates for each location and year
are included in Table 4.1.
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The fungicide was applied at the R4 growth stage (1.9 cm pod in the upper four nodes)
and the harvest aids were applied at the R7 growth stage (pod changes to a mature color) (Fehr et
al., 1971). Treatments were applied to all four rows of each plot using a CO2 powered backpack
sprayer at an operating pressure of 221 kPa and an application volume of 140 L ha-1 using TeeJet
Turbo TwinJet flat spray nozzles (TTJ11002; TeeJet Technologies Southeast, Tifton, GA) for the
fungicide application and TeeJet Extended Range spray nozzles (XR 11002; TeeJet
Technologies Southeast, Tifton, GA) for the harvest aid application. Pydiflumetofen plus
difenoconazole applied at rates of 0.075 plus 0.125 kg ai ha-1, respectively and paraquat plus
sodium chlorate at rates of 0.28 kg ai ha-1 and 3.37 kg ai ha-1, respectively. Each product
included a non-ionic surfactant applied at a rate of 0.25% volume per volume (v/v).
4.3.3

Data Collection and Statistical Analysis
Visual ratings for desiccation, defoliation, green stem, and lodging were recorded 3, 7,

and 10 days following application and again prior to each harvest timing. Desiccation and
defoliation ratings were recorded on a scale from 0 to 100%, with 0% being no
desiccation/defoliation and 100% being complete desiccation/defoliation. Lodging and green
stem visual ratings were recorded on a scale of 0 to 10, with 0 being no lodging or green
stem/foliage and 10 being plants that were completely lodged or completely green. In addition,
seed shattering was measured to evaluate potential yield reductions by counting the number of
seeds m-2 in each plot prior to each harvest timing. The center two rows of each soybean plot
were harvested uniformly using a Kincaid 8-XP High Performance Multi-Crop Plot Combine
(Kincaid Equipment Manufacturing, Co., Haven, KS). Soybean yield was adjusted to 13%
moisture content. At harvest, samples were collected from each plot for grain quality analyses
and germination tests. Grain quality samples were inspected and evaluated by a USDA
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designated Grain Inspection Agency (Mid-South Grain Inspection, Stoneville, MS) for discounts
from overall damage using the USDA Commodity Credit Corporation (CCC) Premium and
Discount guide (Anonymous, 2020). The additional samples collected for quality analyses were
subjected to a seed germination test by placing 200 seed between wet pieces of germination
paper. They were then rolled tightly and secured with rubber bands on each end prior to
incubation. Seed were incubated for 7d in an accelerated aging chamber with temperatures
alternating between 20° C for 16hr in the dark and 30° C for 8hr in the light. After 7d, the
number of germinated seed were counted for each plot and data converted to percent
germination.
Data were subjected to ANOVA using the PROC GLIMMIX package in SAS (v. 9.4,
SAS Institute Inc., Cary, NC) with experimental replication (nested within site year) as a random
effect parameter (Blouin et al. 2011). Data were analyzed using Type III statistics in Statistical
Analysis Software (v. 9.4, SAS Institute Inc., Cary, NC) to test for effects from main-plot, subplot, and sub-sub-plot factors. Least square means were calculated and separated at the p ≤ 0.05
significance level using PDMIX800 in SAS, which is a macro for converting mean separation
output to letter groupings (Saxton 1998).
4.3.4

Economic Analysis and Weather Data
Economic analyses from this experiment are based off soybean yield and quality data

collected and analyzed for each planting date and harvest delay interval combination. Total
revenues were assessed by multiplying market grain price by overall grain yield for each planting
date and harvest delay interval, then subtracted by their corresponding total grain quality damage
discounts (Table 4.2). Total grain quality damage discounts per hectare are equal to the sum of
damaged kernels (total) rating discount and heat-damaged kernels rating discount using the
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USDA Commodity Credit Corporation (CCC) Premium and Discount guide and a monetary
price per 27.2 kg for each planting date and harvest delay interval combination was assigned
based on damage rating (Anonymous, 2020).
Permanent weather stations were located at each experiment location and were capable of
logging data hourly. Daytime temperature and relative humidity data were logged between 6 am
and 6 pm while nighttime temperature and relative humidity data were logged between 6 pm and
6 am. Average daytime temperature, nighttime temperature, daytime relative humidity, and
nighttime relative humidity from initial harvest (0 week) to each harvest delay interval were
calculated for each site year averaged across all site years. Precipitation totals for each site year
were summed from all rainfall events between harvest delay intervals and averaged across all site
years. Weather data are displayed in Table 4.3 to summarize weather conditions between each
harvest interval (Anonymous, 2021).
4.4
4.4.1

Results and Discussion
Desiccation/Defoliation, Green Stem, Lodging, and Shattering
Soybean desiccation/defoliation and lodging were influenced by management strategy

(p=0.0351) (Table 4.4). Desiccation/defoliation and lodging of soybean following application of
a harvest aid was greater compared to soybean following a fungicide application or untreated
soybean (results not presented). Soybean shattering prior to harvest was impacted by harvest
delay (p<0.0001) and management strategy (p=0.0284) (Table 4.4). Shattering increased as
harvest was delayed across all harvest intervals (Table 4.5). In addition, increased shattering was
observed following the application of a harvest aid compared to untreated soybean (Table 4.6).

59

4.4.2

Yield
Soybean yield was directly influenced by both harvest delay (p<0.0001) and management

strategy (p<0.0001) (Table 4.4). Soybean yield potential was greatest following initial harvest
and least following the 6 week harvest delay interval. (Table 4.5). These findings are similar to
that of Philbrook and Oplinger (1989) who reported that delaying harvest resulted in yield losses
of 0.2% d-1. Differences observed due to management strategy consisted of an increase in yield
following a fungicide application using pydiflumetofen plus difenoconazole. While the
differences between pydiflumetofen plus difenoconazole and paraquat plus sodium chlorate,
paraquat plus sodium chlorate, and untreated control were not significant, likely a result of the
shattering that was observed following treatments containing harvest aids. (Table 4.6).
4.4.3

Soybean Quality
Grain quality was impacted by harvest delay (p<0.0001) (Table 4.4). Total damage was

least following the initial harvest interval and greatest following the 6 week harvest delay
interval (Table 4.5). These data agree with Spivey et al. (2019) who found that when adverse
weather conditions cause harvest to be delayed beyond physiological maturity, the potential
increases for soybean to decline in quality.
Germination tests indicate harvest delay (p<0.0001) impacted seed quality (Table 4.4).
Germination was greatest following initial harvest and seed from all other harvest exhibited
reduced seed quality (Table 4.5).
4.4.4

Economic Analysis and Weather Data
The total revenue lost between consecutive harvest delay intervals (0 to 2 week, 2 to 4

week, 4 to 6 week) with soybean valued at $0.37 kg-1, resulted in differences of $85.19 ha-1,
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$42.25 ha-1, and $244.25 ha-1, respectively (Table 4.2). The weather data recorded suggest that
following total rainfall of 27.36cm, 27.99cm, and 24.11cm across all locations, results in a loss
per kilogram per hectare of $49.84, $38.34, and $134.17 at the 2, 4, and 6 week harvest interval
respectively (Table 4.2) (Table 4.3). Daytime and nighttime temperatures decreased as harvest
was delayed. However, daytime and nighttime relative humidity was greater. The reduced
temperature following initial harvest could explain the minimal differences in yield between the
2 and 4 week harvest delay interval (Table 4.5).
4.5

Conclusion
In the mid-southern United States, soybean producers encounter many challenges

throughout the growing season. One example is a decrease in quality due to harvest being
delayed following adverse weather conditions. A decrease in profitability can be expected when
soybean is left in the field due to delayed harvest conditions. When harvest is delayed, financial
losses due to damage discounts increase depending on the length and severity of adverse weather
conditions. In addition, a fungicide applied at the R4 growth stage and/or harvest aid applied at
the R7 growth stage do not protect against reductions in quality and yield as harvest is delayed.
Adverse weather conditions resulting in delayed harvest scenarios may increase disease
development and shattering ultimately resulting in decreased grain quality, yield, and ultimately,
profitability. In conclusion, soybean quality and yield is already determined when the crop
reaches maturity. As a result, when adverse weather conditions delay harvest, soybean farmers
can expect to experience unavoidable reductions in quality. Therefore, in order to protect
existing soybean quality and yield, it may be extremely profitable for a soybean farmer to ensure
a timely harvest of mature soybean in situations where delayed harvest conditions are expected.
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Table 4.1

Planting and harvest dates for locations of Starkville, Stoneville, and Verona in 2019 and 2020.

Location

Starkville

Verona

Stoneville

2019

2020

2019

2020

2020

Planting Date

30-Apr

30-Apr

30-May

12-May

5-May

0 Weeka

13-Sep

22-Sep

26-Sep

5-Oct

2-Oct

2 Weeka

27-Sep

6-Oct

-- b

21-Oct

19-Oct

4 Weeka

10-Oct

20-Oct

24-Oct

4-Nov

4-Nov

6 Weeka
24-Oct
3-Nov
20-Nov
a
Number of weeks harvest was delayed beyond initial harvest (0 week)
b
Not harvested within the harvest interval due to weather conditions

18-Nov

19-Nov

Year
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Table 4.2

Estimated total revenue of soybean following economic losses due to damage discounts

Soybean
Market Price

0 Weekc
2 Weekc
4 Weekc

$0.37 kg-1
Total Grain Quality
Discounta
$ ha-1
$11.82

$49.84
$38.34
$134.17

Total Revenueb
$ ha-1

$1,308.81
$1,223.62
$1,181.37
$937.12

6 Weekc
a
Overall price reduction due to total damage discounts as provided by a USDA certified grain inspecting facility based on yield
averages across all management practice treatments and site years.
b
Overall profit after discounts
c
Number of weeks harvest was delayed beyond initial harvest (0 week)
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Table 4.3

Weather data displayed by harvest interval across all site years
Precipitationd

centimeters

Day-Time
Temperaruee

Night-Time
Temperaturef

°C
22.80
21.89
19.95

°C
17.63
17.26
15.45

6.84
0 to 2 Week
11.07
0 to 4 Week
16.02
0 to 6 Week
a
Total rainfall between harvest intervals
b
Average daytime temperature
c
Average nighttime temperature between harvest intervals
d
Average daytime relative humidity between harvest intervals
e
Average nighttime relative humidity between harvest intervals
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Day-Time
Relative
Humidityg
%

Night-Time
Relative Humidityh

68.62
70.00
70.74

90.09
88.33
88.99

%

Table 4.4

Analysis of variance for lodging, shattering, yield, grain quality, and germination for treatment combinations of harvest
delay and management strategy during 2019 and 2020.

Harvest Delayf

Lodginga
Shatteringb
Yield
Grain Qualityc
Germinationd
--------------------------------------------p-valuese-------------------------------------------0.3613
<0.0001
<0.0001
<0.0001
<0.0001

Management Strategy g

0.0351

Factor

0.0284

<0.0001

Harvest Delay *
0.7249
0.1157
0.8355
Management Strategy
a
Lodging rating at harvest
b
Shattering prior to harvest
c
Total damaged kernels provided by a USDA certified grain inspection facility.
d
Percent germination
e
Data were pooled across all 2019 and 2020 site years.
f
Harvest delayed 0, 2, 4, and 6 weeks
g
Management strategy includes both fungicide (n=1) and harvest aid treatments (n=2)
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0.1962

0.3773

0.9907

0.4281

Table 4.5

Soybean shattering, yield, grain quality, seed quality, and yield values averaged across all management strategies and
site years.
Shatteringa
p<0.0001e

0 Weekf
2 Weekf
4 Week

f

Seed m-2
1.11 d

3.46 c
6.63 b
12.54 a

Yieldd

Grain Qualityb

Germinationc

p<0.0001e

p<0.0001e
%

3,569 a

%
2.72 c
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3,442 ba
3,297 b
2,895 c

5.74 b
5.73 b
16.60 a

31
19
14

p<0.0001e
kg ha-1

6 Weekf
a
Shattering rating prior to harvest consisted of counting the number of seed m-2 in each plot.
b
Damaged kernels total percent plus heat tolerance percent score provided by a USDA certified grain inspection facility.
c
Percent germination was rated on a scale of 0-100 with 100 being excellent and 0 being poor.
d
Yield measured in kg ha-1
e
LS-means within the same column followed by the same letter are not significantly different at p=0.05.
f
Number of weeks harvest was delayed beyond initial harvest (0 week).
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Table 4.6

Soybean yield and shattering for each management practice treatment averaged
across all harvest intervals, and site years.
Yielda

Shatteringb

Product
p<0.0001

p=0.0284

Non-treated

3,241 b

5.1 b

Pydiflumetofen + Difenoconazole

3,684 a

5.5 ab

Paraquat + Sodium Chlorate

3,147 b

6.6 a

Pydiflumetofen + Difenoconazole followed

3,132 b

6.6 a

by Paraquat + Sodium Chlorate
a
b

Yield in kilogram per hectare with same letter groupings are not significantly different.
Shattering rating consisting of number of seed m-2 in each plot prior to harvest.

67

4.6

References

Anonymous. 2021. Daily Report | Delta Agricultural Weather Center. Accessed February 10,
2021, from http://deltaweather.extension.msstate.edu/report.
Anonymous. 2020. Premiums and discounts corn, grain sorghum, soybeans. United Stated
Department of Agriculture Farm Service Agency.
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/PriceSupport/pdf/2021/2020%20corn%20grain%20sorghum%20soybeans%20PsDs.pdf.
Accessed January 14, 2021.
Blouin, D. C., Webster, E. P., and Bond, J. A. 2011. On the analysis of combined experiments.
Weed Technol 25:165-169.
Bowers, G. R., and Russin, J. S. 1999. Soybean disease management. Pages 197-239 in
Heatherly, L. G., and Hodges, H. F., eds. Soybean Production in the Midsouth. Boca Raton:
CRC Press
Philbrook, B. D., and E. S. Oplinger. 1989. Soybean field losses as influenced by
harvest delays. Agron. J. 81:251-258.
Saxton, A. M. 1998. A macro for converting mean separation output into letter grouping in
ProcMixed. Pages 1243-1246 in Proceedings of the 23rd SAS users Group International.
Cary, NC. SAS Institute.
Spivey, T., Woodard, C., Stephenson, D., Bollich, P., Padgett, B., Buckley, B., Webster, E.,
Harrell, D., and Copes, J. 2019. 2019 soybean variety yields and production practices.
Retrieved February 28, 2021, from
https://www.lsuagcenter.com/articles/page1544459344263
[USDA] U.S. Department of Agriculture. 2018. National Statistic Service. Soybean Acres
Planted: Mississippi. Mississippi Department of Agriculture and Commerce.
https://quickstats.nass.usda.gov/results/A6AA3023-3E57-328B-B4A9-62EB4E0CF4BA.
Accessed 10/22/19.
[USDA] U.S. Department of Agriculture. 2018. National Statistic Service. Soybean Acres
Harvested: Mississippi. Mississippi Department of Agriculture and Commerce.
https://quickstats.nass.usda.gov/results/0CE95350-2E33-344B-A55F-D8A2608DF200.
Accessed. 10/22/19.
U.S. Soybean Export Council. 2015. Quality Standards for U.S. Soybeans and Soy Products.
International Buyers’ Guide. https://ussec.org/wp-content/uploads/2015/10/buyersguide.pdf. Accessed 2/25/20.

68

